The investigation of Ambrosia pollen counts in the air of Sosnowiec was carried out from 1998 to 2010 by means of the volumetric method. The pollen season which was determined by means of the 98% method started at the end of July and the beginning of August and lasted until the end of October. ). It was stated that the daily count of pollen grains depended on the wind direction and maximum air temperature. The strongest correlations were found with maximum temperature and with a wind direction from the south east. A high negative correlation coefficient was found between the frequency of inflows of air masses from the west and the annual total of pollen grains and the value of the maximum daily count. The closest sites of Ambrosia L. are at a distance of 25-40 kilometres from the sampling point. Significant correlations with the frequency of inflow of air masses can support the conclusion that Ambrosia pollen grains recorded in Sosnowiec were most probably carried not only from local sources but also, at least in part, from distant places.
INTRODUCTION
Ragweed pollen allergens cause severe allergies and they are counted among the most harmful in the world. In central and southern Europe, they are often a cause of allergic rhinitis and conjunctivitis (P e t e rn e l et al. 2008; T e s t i et al. 2009 ). In North America, they are the most frequent cause of pollinosis. Since the 1960s, ragweed pollen has been recorded in many European countries: France, northern Italy, southern Austria, the Czech Republic, Slovakia, the Balkan countries, Ukraine, and Hungary. An allergy to ragweed pollen allergens is considered to be a significant problem in the countries of central Europe (B o e h m e et al. 2009 ). In Poland, ragweed pollen has been recorded every year in the air of many cities since the 1990s (K a s p r z y k , 1996; M a l k i e w i c z and W ą s ow i c z , 2003; W e r y s z k o -C h m i e l e w s k a et al. 2003 ; W e r y s z k o -C h m i e l e w s k a , 2006; L i p i e c et al. 2008 ; R a p i e j k o et al. 2009 ). The frequency of allergies to ragweed pollen allergens in Poland has not been thoroughly examined. In the Warsaw population, an increase in the frequency of positive skin tests with the ragweed pollen allergen has been observed, from 0.3% in 1998 to 1.5% in 2003 (R ap i e j k o et al. 2006 ; L i p i e c et al. 2008) .
The Ambrosia genus of the composite family (Asteraceae) has 35-40 species (W i l l i s , 1973). They are anemophilous annual or perennial plants. Unisexual female flowers, which form pseudanthium inflorescences, appear in late summer or early autumn on shoot apices. Male flowers form leafless spikes or racemes in the upper, leafless part of a shoot. One stamen of a flower produces on average 3,375 pollen grains and one inflorescence -16, 875 . A plant with 20 racemes may release approximately 420 million pollen grains (W e r y s z k o -C h m i e l e w s k a and P i o t r o w s k a , 2008). The representatives of the Ambrosia genus are found in both the Americas and in Africa. In Europe, they appeared in the second half of the nineteenth century due to the import of corn, soya, clover, and also in ballast (S c h w a r z , 1967). Since the Second World War, they have spread in many regions in southern and south-western Europe. Several species have spread beyond their natural range so widely that they have become cosmopolitan synanthropic plants (T a c i k , 1971) . In Poland, three species of the Ambrosia genus have been found so far: A. artemisiifolia L., A. psilostachya DC. = A. coronopifolia Torr. & A. Gray and A. trifida L. (M i r e k et al. 2002) . The first two species have the status of naturalized species in our country (T o k a r s k a -G u z i k , 2005; Z a j ą c et al. 1978) , while A. trifida L. is treated as a casual species (M i r e k et al. 2002 ; R o s t a ń s k i and S o w a , 1986-1987) . In Poland, the species most often found is Ambrosia artemisiifolia L. The first localities for this species were recorded in the second half of the nineteenth century in the western, south-western and northern part of the country. Currently, this species is scattered all over lowland Poland (T o k a r s k a -G uz i k , 2001) ( Fig. 1) . In the region of Upper Silesia, the first site of Ambrosia artemisiifolia was recorded in 1921 in Pszczyna (L i n d n e r 1921, herb. WRSL*). The aim of the present study was to assess the threat of ragweed pollen on local and regional scales. The paper contains an analysis of ragweed pollen seasons in Sosnowiec (southern Poland) on the basis of data from 1998 to 2010. Additionally, the impact of selected meteorological parameters on this pollen count was examined.
* Abbreviations for herbarium materials are explained in the Materials and Methods chapter
MATERIALS AND METHODS
The Ambrosia L. pollen count data come from pollen monitoring in 1998-2010. The pollen count in the air of Sosnowiec was measured by means of the volumetric method using a Burkard spore trap (Hirsttype). The beginning and the end of the pollen season was determined by means of the 98% method. To compare the pollen counts over the studied years, a Seasonal Pollen Index (SPI) was calculated as the sum of the daily pollen counts in a given season. The sampling point is located in a district of Sosnowiec with wellspaced blocks of flats. The spore trap is at a height of approximately 20 metres above the ground level on the premises of the Faculty of Earth Sciences at the University of Silesia (263 metres above sea level, 50 o 17' 50"N and 19 o 08' 20"E). Meteorological data were delivered by a weather station which is about 20 m from the sampling point.
In the Silesian Uplands area, where Sosnowiec is situated, the influences of various air masses interact, therefore the climate is characterized by quite considerable variability and irregularity in the course of climatic elements. Sosnowiec is situated in a temperate climate zone -it has a climate transitional between oceanic and continental. On the majority of days throughout the year (63.5%) the weather in Sosnowiec is determined by polar maritime air ( The average daily values of air temperature, relative humidity, precipitation, insolation, wind speed and direction were taken into account to assess the impact of meteorological parameters on selected characteristics of the pollen seasons. Furthermore, the direction and type of atmospheric circulation were subjected to analysis (N i e d ź w i e d ź , 1981). The relationships between individual meteorological parameters and various characteristics of the pollen season in all years were determined by means of Spearman's rank correlation coefficient (S t a n i s z , 2007).
The data about the history of the appearance and further spread of the species of the Ambrosia genus in the Silesian Uplands area (especially A. artemisiifolia) (Fig. 1) . These data were gathered for the Silesian Uplands, as for the whole country, by means of the cartogram method (Fig. 2) . However, in this case a square with a side of 2 kilometres was a basic unit (the data for Poland are gathered in squares with a side of 10 kilometres (T o k a r s k a -G u z i k et al. 2011 ; Z a j ą c , 1978; Z a j ą c and Z a j ą c , 2001). * Acronyms for herbaria are given after M i r e k et al. The Spearman's rank correlation between meteorological parameters and the length of pollen seasons showed a positive correlation between the level of precipitation and the length of the ragweed pollen season (Table 2 ). There were also significant positive correlations between the length of the pollen season and the number of days with a stationary front and with occurrences of polar maritime transformed air masses (Table 3) .
The course of the ragweed pollen seasons varied over the studied years. An analysis of dynamic curves showed that the presence of pollen in the air of Sosnowiec was discontinuous. There were several-day breaks between days with the presence of pollen. The period of concentrated pollen release and the highest pollen counts covered various time ranges. The maximum pollen counts were in the last ten days of August or in the first half of September. (Fig. 3) . The average daily count in the 12 years examined was 83 grains x m (Fig. 3 ). An analysis of daily variability in the ragweed pollen count from 2003 to 2010 showed that the highest pollen counts were between 11 p.m. and 9 a.m. (Fig. 4) , except in 2003, when the highest counts were between 12 a.m. and 3 p.m..
A statistical analysis showed that the daily ragweed pollen count depended on the wind directionthe higher counts were recorded when the prevailing winds were from the south, east and south-east (Table  4) . Maximum air temperature turned out to be the most important among other meteorological parameters. It had a positive impact on the pollen counts (Table  5 ). The highest negative correlations were found with wind from the west and with the relative humidity of the air. It is important to add here that in spite of the high level of significance ( <0.001) the values of the correlation coefficients are very low.
Air masses coming from the west had a negative impact on the maximum values of pollen (Table 6) . Concerning the types of air masses, a negative correlation was found with the frequency of days with an inflow of fresh polar maritime air and with the frequency of days with a cold front ( Table 7) .
The sum of the daily pollen counts in the whole ragweed pollen season (the Seasonal Pollen Index) varied from year to year (Fig. 5) (Table 1) . The average annual sum in the 12 studied years was 352 grains. Air masses coming from the west had a negative impact on the annual sums of the pollen grains (Table 8) . The ragweed pollen season in 1999 (the highest SPI) was characterized by a low rate of air mass inflows from the west. In this year, the highest number of days with a warm front, comparing all years, was noted as well as high temperature and high insolation were also recorded.
The results concerning the influence of wind direction and the impact of air masses are reflected in the distribution of A. artemisiifolia in the Silesian Uplands area. The sites of the species are still rare and scattered ( Fig. 1 and 2) . However, it is worth noting that a few new sites of this species have been found in recent years. Table 6 . Spearman's correlation between the directions of air masses and the maximum count of pollen grains in 1998-2010 
DISCUSSION
The observations of ragweed pollen in the air of Sosnowiec performed over a period of twelve years show variation in the onset and length of the pollen season and also fluctuations in the pollen counts.
The studies performed in many countries where ragweed is prevalent have shown a relationship between the aerial pollen count for this species and meteorological parameters, especially with regard to temperature, precipitation, and humidity (L a a i d i et al. 2003 ; M a k r a et al. 2004 ; P e t e r n a l et al. 2005 ; P i ot r o w s k a and W e r y s z k o -C h m i e l e w s k a , 2006; P u c , 2004, 2006; S t a c h et al. 2000 ; S t a r k , 1997; S t ę p a l s k a et al. 2002) . In the present investigation, only certain meteorological factors showed a statistically significant relationship with the pollen count. In all cases, the values of the correlation coefficients were low in spite of the high level of significance. With regard to the daily count, the meteorological parameters had a limited impact on the fluctuations of ragweed pollen concentrations in the air. The strongest correlations were found with maximum temperature and with the wind direction from the south and south east. Similar relationships for ragweed pollen in Rzeszów were found by K a s p r z y k (1996) . In almost all the years, it was observed that the highest pollen counts occurred when air maximum temperature was above 25 o C, which was also found in Szczecin (P u c , 2004, 2006) . However, in Lublin the highest concentrations of pollen were observed when maximum temperature exceeded 21 o C (P i o t r o w s k a and W er y s z k o -C h m i e l e w s k a , 2006).
Higher correlation coefficients, but with lower relevance, were obtained analyzing other characteristics of the ragweed pollen season. A high negative correlation coefficient between the frequency of inflows of air masses from the west and the value of the annual sum of pollen grains and the value of the maximum daily count was found. Polar maritime air masses had an impact on the duration of the ragweed pollen season and the maximum daily count. When there was an inflow of this type of air, the pollen seasons were longer and the seasonal maxima lower. The polar maritime air arrives in Poland from the west, from over the northern part of the Atlantic Ocean and therefore it is characterized by considerable humidity. In summer, it brings cold weather and cumulus clouds with thunderstorms. Furthermore, this would explain the positive correlation of rainfall with the length of the pollen season. Longer seasons were also found in the years when there were many days with a stationary front, which is not moving or is moving with a speed lower than 2 m x s -1 . A ragweed pollen grain is small and has good buoyancy characteristics. It can be carried by the wind over long distances. The closest certain sites of Ambrosia L. are at a distance of 25-40 kilometres from the sampling point, which could be evidence that the pollen comes not only from local sources, but is also carried from distant places. It cannot be excluded that the pollen arrives from the Czech Republic, Slovakia, Ukraine and Hungary. Significant correlations with the frequency of inflow of air masses do confirm that the ragweed pollen grains recorded in Sosnowiec were most probably carried from distant places. An increase in maximum counts on the days when the wind from the south and south-east was predominant also suggests that the pollen is being carried from distant places. C e c c h i (2007) considered it possible that pollen is carried together with moving air masses from Hungary to the central part of Italy. The fact that the highest pollen counts in Sosnowiec were recorded at night and in the morning also suggests that the pollen is being carried from distant places. In Poznań (S t a c h et al. 2000, 2007) , Rzeszów (K a s p r z y k , 2008), and Lublin (P i o t r o w s k a and W e r y s zk o -C h m i e l e w s k a , 2006), ragweed pollen was also recorded at night and early in the morning. However, in Hungary (V i t á n y i et al. 2003) and Croatia (P e t e r n e l et al. 2005) , where ragweed grows abundantly, the daily maxima were recorded at midday. Also in France, the presence of pollen was found in the morning (9-11 a.m.) (L a a i d i et al. 2003) . In Poland, high pollen counts are recorded in Lublin every year, although ragweed sites have not been found. This may confirm the fact that the pollen is carried from distant places, in this case from Ukraine (P i o t r o ws k a and W e r y s z k o -C h m i e l e w s k a , 2006), although new localities of A. artemisiifolia have been recorded in the Lublin region recently (personal inf. by F. Święs), mainly along railways.
The plant pollen does not appear to pose a significant threat to the inhabitants of the region, probably due to the fact that the number of Artemisia artemisiifolia sites found in the region is still low. No increase in ragweed pollen counts in Sosnowiec was found over the monitored period. However, the fact that new sites of this species are found and the fact that there is a possibility of pollen inflow from other regions of Europe where this species already poses a serious threat make it necessary to regularly monitor ragweed pollen concentrations in the air and to control the spread of the species in the region.
CONCLUSIONS
1. The ragweed localities closest to Sosnowiec were found along the national road between Katowice and Cieszyn at a distance of approximately 25-40 kilometres SW from the sampling point and one locality was confirmed on a railway siding in Tarnowskie Góry at a distance of approximately 25 kilometres NW from the sampling point. 2. The impact of meteorological parameters on changes in pollen counts was weak. The highest positive correlation was found between maximum temperature and the wind direction from the south, east and southeast, and the daily concentration of ragweed pollen. 3. A high negative correlation was found between the frequency of the inflow of air masses from the west and the maximum concentration and SPI for ragweed pollen. 4. The highest pollen counts were recorded mostly at night and early in the morning, which suggests that pollen comes from long transport, not only from local sources.
